In order to define the normal range of selenium levels and to'e;aluate whether any correlation exi& Paired and plasma and in the human between selenium and GSH-Per activity, paired as well as samples from nonpregnant adult females, were assayed samples of maternal and cord erythrocytes and plasma, respecfor selenium and for glutathione peroxidase (GSH-Per) activity. tively, were assayed for selenium and for GSH-Per activity. Fetal selenium levels, both in red cells (0.39 f 0.08 pg/ml) and in plasma (0.13 f 0.03 pg/ml), were significantly lower than the respective levels in either pregnant ( P C 0.001) or nonpregnant ( P MATERIALS AND METHODS < 0.001) female adults. GSH-Per activity in fetal red cells (576 f 131 U/100 ml) and plasma (10.3 + 4.0 U/100 ml) were similarly Paired samples of maternal and cord blood were obtained, with significantly lower than the respective levels of activity in each maternal consent, at the time of delivery after full term gestation.
group of adult samples ( p < 0.001). Erythrocyte selenium levels Blood samples were also taken from healthy house officers, nurses, were similar in nonpregnant (0.~2 0.05 pg,ml) and pregnant and laboratory technicians of both sexes. The blood specimens (0.52 f 0.07 p g / d ) adult females; but there was a significant were into he~arinized which had difference in erythrocyte GSH-Per activity between the nonpreg-been checked previously to ensure the absence any trace nant (832 2 165 U/100 ml) and the pregnant (990 + 207 U/100 amounts of in the ml) groups (0.02 < P < 0.03). The plasma levels of selenium in the Red were separated by centrifugation at 2500 vm nonpregnant females (0.21 + 0.03 pg/ml) were significantly higher in a Sowall RC5 refrigerated centrifuge at 20, and the plasma was than in the pregnant group (0.19 + 0.03 &ml) (0.01 < P < 0.02); removed and frozen for subsequent assay cf and of similarly, plasma enzyme activity in the nonpregnant group (19.5 GSH-Per
The buff^ 'Oat was and discarded, + 4.4 U/lOO was significantly higher than in the pregnant and the red cells were washed three times in cold isotonic saline group (14.0 3.2 U/lOO ml) (P < O.OO1). A close positive and then resuspended to an hematocrit of approximately 40%. A correlation was found between selenium levels and GSH-Per portion of the red cell suspension was removed for microhematoactivity, both in plasma and in red cells ( r = 0.86).
mothers, crit and hemoglobin determinations, and 0.20-ml aliquots were values for enzyme activity and for selenium, both in plasma and in frozen for later determination of 'Ontent. erythrocytes, were almost invariably higher than the comparable
The glutathione peroxidase of the red was values in her own fetus.
in either fresh saline suspensions, or in samples frozen for not more than 24 hr, using Whaun and Oski's modification (20) of the method of Paglia and Valentine (12) . Enzyme activity was meaSpeculation sured at 2S0 in a Zeiss PM 6 spectrophotometer and was expressed Selenium has a biologic role as a component of GSH-Per. L o w as units per 100 ml red blood cells, Or in Some Cases as units per activity of this enzyme in the fetus is probably an adaptation to a g hemoglobin in addition. One unit was defined as the amount of low requirement for antioxidant protection. After birth the contin-enzyme that would catalyze the oxidation of 1 ~m o l NADPH uation of the intrauterine developmental phase may contribute in under the conditions of this assay. Plasma GSH-Per activity was part to the increased oxidant sensitivity of neonatal red cells. nxaSured in a similar fashion on either fresh samples or on Prolonged inadequate dietary intake of selenium, especially in samples frozen for UP to 48 hr, utilizing 0.10 ml plasma in a final small premature infants, may further increase sensitivity to oxidant volume of 3.0 ml reaction mixture. An equilibration time of 20-30 stress.
min was generally required before the addition of hydrogen peroxide to initiate the reaction. The results were expressed in units per 100 ml plasma (for comparison with erythrocyte activity).
Selenium has been recognized for a number of years as an Storage of frozen samples at -18' for the periods indicated were essential trace metal in animal nutrition, with the intake in her-shown to have no effect on enzyme activity. Reduced GSH, GSSH bivora being dependent upon selenium availability from the soil. reductase (200 units/mg protein/ml), and NADPH were obtained The metabolic function of selenium and its mechanism of action from Sigma Chemical Company (St. Louis, MO). Solutions of remained controversial for many years, although it had been GSH (0.15 M) were freshly prepared before each batch of assays proposed that it interacts with vitamin E and sulfur amino acids from preweighed aliquots of GSH. in protecting the cell against peroxidative damage (2, 16). Rotruck The selenium content of the red cell suspension and of plasma et al. (15) suggested that selenium functions as part of the GSH-were measured on 0.20-ml samples of each by the fluorometric Per enzyme system, and recent studies by Hoekstra et a[. (8) in the method of Watkinson (19) with slight modifications. Digestion rat and by Flohi et al. (5) on bovine erythrocytes confirmed that with 2 ml nitric acid (70%) was allowed to proceed at room selenium is an integral component of purified glutathione perox-temperature for 24 hr. Samples were set aside for a further 24 hr idase. Furthermore, animal feeding experiments have demon-after addition of EDTA and hydroxylamine. 2,3-Diaminostrated a good correlation between dietary selenium intake and naphthalene was used as the complexing reagent and Decalin the activity of GSH-Per in various tissues (7, 11, 17) .
(decahydronaphthalene) (J. T. Baker Chemical Co., Phillipsburg, We had previously reported low activity of GSH-Per in the red NJ) as the extracting solvent for the complex. The fluorescence 789 was measured in a Turner fluorometer, model 110, fitted with a no. 7-60 (369 nm) primary filter and a no. 58 (522 nm) secondary filter. The selenium content was expressed as pg/ml, both for plasma and for red cells.
RESULTS
The level of selenium in cord erythrocytes (0.39 + 0.08 pg/ml) was found to be significantly lower ( P < 0.001) than the level in either maternal erythrocytes (0.52 + 0.07 pg/ml) or red cells from nonpregnant, adult female control subjects (0.52 f 0.05 pg/ml) ( Table 1) . No significant difference was noted between the selenium levels in the pregnant females at term and the nonpregnant females, nor was any significant difference noted between healthy male and female adults.
As reported previously (4, 6, 19) , the activity of GSH-Per in cord erythrocytes (576 f 131 U/100 ml), was also found to be significantly less ( P < 0.001) than the activity in either maternal erythrocytes (990 + 207 U/100 ml) or in red cells from nonpregnant adult female control subjects (832 f 165 U/100 ml). However, in contrast to selenium levels, a comparison of enzyme activity in the latter two groups of pregnant and nonpregnant females showed a slight but significant difference (0.02 c P < 0.03) ( Table 1) . Expressing activity as units per g hemoglobin yielded similar results.
In view of the reported association between selenium and GSHPer activity in animal studies (7, 9, 11, 17) , a comparison was made between selenium levels and enzyme activity in 24 paired maternal-cord erythrocyte samples together with those from healthy male and female adults. A close correlation ( r = 0.86) was noted between selenium level and enzyme activity (Fig. 1) .
In the present study, as in previous investigations (4, 6, 20) , overlap was noted between the lower range of maternal/adult red cell GSH-Per values and the upper range of the cord values (Fig.  1) . However, when each mother's red cell enzyme activity was compared with that of her own fetus, the mother's enzyme level was, with only one exception, consistently higher than that of her fetus (Fig. 2) .
Similarly, a comparison of the 34 paired maternal and cord red cell selenium levels again showed virtually no overlap of values for each maternal and cord pair, in keeping with the distinct differences noted in the enzyme values (Fig. 3) .
The levels of both selenium and GSH peroxidase activity in plasma were considerably lower than their respective levels in erythrocytes (Table 1) . As in the red cell, the values of selenium (0.13 + 0.03 pg/ml) and of GSH-Per activity (10.3 + 4.0 U/100 ml), respectively, in cord plasma were significantly lower than in either maternal plasma or plasma from nonpregnant female adult control subjects. In plasma, however, not only was there a highly significant difference ( P < 0.001) between the GSH-Per activity of the pregnant and nonpregnant female subjects, but there was also a significant difference (0.01 < P < 0.02) between the plasma selenium levels of these two groups (Table 1) .
A highly significant correlation was noted ( r = 0.86) between plasma selenium levels and plasma GSH-Per activity (Fig. 4) , similar to that observed in the erythrocyte studies. As in the latter data, some overlap was apparent between high cord values and low adult/maternal values. However, when paired samples of maternal and cord plasma were examined for selenium levels (Fig.  5) , and for GSH peroxidase activity, respectively, the values for the mother's plasma were almost invariably higher than the comparable values for her own fetus.
DISCUSSION
The above findings clearly indicate an association between selenium levels and GSH-Per activity in man, and confirm the recent report by Thomson et al. (18) , who demonstrated a similar relationship in samples of whole blood. In our study, the correlation was observed both in plasma and in red cells. However, the enzyme activity in plasma is only approximately 1-2% of that in red cells under similar assay conditions, whereas the level of selenium in plasma is about 30-40% of that in red cells. This suggests that a considerable proportion of the plasma selenium is either not directly associated with GSH-Per, or, alternatively, that the enzyme may be inactivated or inhibited in plasma. Rhead et al. (14) have in fact indicated that selenium is present in a number of human blood plasma fractions, with about 30% of plasma selenium being dialyzable. In ovine erythrocytes, GSH-Per accounts for about 75% of the selenium content, and red cells contain a relatively constant proportion of the total blood selenium, even though the latter may vary with different experimental dietary intakes of selenium (7, 8, 10) .
In the present study the correlation between enzyme activity and selenium content, both in plasma and in erythrocytes, was noted in healthy human subjects on a presumably normal diet, in contrast to animal studies in which the dietary selenium content was varied markedly from concentrations of 0.01-0.50 ppm (10, 11, 17) . This might tend to suggest that at least some variability of enzyme activity is the result of genetic predisposition. However, it does not exclude the possibility of enzyme variability due to different eating patterns within the same population group, so that individuals may consume varying amounts of foods with a higher, or lower, selenium content.
The lower levels of selenium and of GSH-Per activity in fetal red cells and plasma in comparison with the adult samples is striking, although the underlyihg controlling mechanisms are not clear. It is possible that placental transport of selenium is limited, with a relatively high Gaternofeta1 gradient, so that the conceni tration of the metal, and hence the activity of the enzyme, is lower in fetal tissues. On the other hand, low enzyme activity in the fetus might represent a phase of development adapted to the low intrauterine oxygen environment, with a decreased need for peroxide detoxification mechanisms, and hence decreased uptake of selenium from maternal plasma. The finding of low GSH-Per activity in neonatal rat liver, and a progressive rise with increasing age (13) , would tend to support a developmental mechanism. The slight, but significant, increase in enzyme activity of maternal erythrocytes as compared to those from nonpregnant females might be the result of an increase in the number of reticulocytes and younger cells (with higher enzyme activity (20) ) in the maternal circulation (3). However, further studies would be necessary to confirm this, as well as to explain the lack of a concomitant increase in selenium levels in the maternal erythrocytes.
Very little is known about the absorption and metabolism of selenium in the human, or about the mechanisms that control plasma levels. Although it has been suggested that plasma GSHPer is probably synthesized in the liver (1 l), only a small proportion of the total selenium in plasma is likely to be associated with active enzyme molecules, as discussed previously. In the pregnant female rat, Behne and his coworkers (1) described a decrease in serum levels of selenium during the latter half of gestation, and attributed this to either hormonal influence or changes in carrier protein. However, it is possible that the lower levels of both selenium and enzyme in maternal plasma merely represent dilutional effects associated with the hydremia known to occur during gestation (3), and might not be of any particular significance.
CONCLUSION
The levels of selenium and of GSH-Per activity were measured in materna1:and cord blood, and were each found to be significantly lower in the fetal samples than in the comparable maternal samples, both in the erythrocyte and in the plasma fractions. It is suggested that low enzyme activity in the fetus might represent a phase of development adapted to the low intrauterine oxygen environment. The study confirms a close positive correlation between selenium levels and GSH-Per activity.
